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INTRODUCTION 
 
Powdery mildew is a devastating disease of common bean in northern Spain, particularly in the 
market class fabada. Its incidence is increasing in recent years. Control with fungicides is possible 
but uneconomic, what reinforce the need of powdery mildew resistant cultivars. Some sources of 
resistance to this pathogen have been identified (Schwartz et al, 1981) but there is little knowledge 
on inheritance of such resistance. Previous reports suggest a qualitative inheritance (Dundas, 1936; 
Bett and Michaels, 1995; Rezende et al., 1999). In this preliminary work, we investigate the 
inheritance of the resistance to powdery mildew in a RIL population derived from the cross 
Xana/Cornell 49242. 
 
MATERIALS AND METHODS 
 
The inheritance of the resistance to powdery mildew was analyzed in a population of 104 F7 
recombinant inbred lines (RILs) derived from the cross Xana/Cornell 49242, obtained by the single-
seed descent method (Pérez-Vega et al. 2009). Xana is a fabada market class cultivar, susceptible to 
powdery mildew. Cornell 49242 is a small black-seeded line, resistant to powdery mildew. 
 
The resistance evaluations were carried out in greenhouse using a local isolate obtained from 
naturally infected bean plants collected in Villaviciosa, Asturias, Spain (43º29´01´´N; 05º26´11´´W; 
elevation 6,5 m). The fungus was maintained on living plants of cv. Xana. Three consecutive 
replications were performed in the greenhouse during summer 2009. Each replication consisted of 
two pots per RIL, four plants per pot. Seedlings were inoculated when the primary leaves were fully 
expanded by blowing conidia from infected leaves with the help of a hairdryer. Plants were assessed 
10 days after inoculation when the symptoms were clearly distinguished on the parent Xana, using a 
IT0-4 scale where IT0 = no visible sign of disease, and IT4 = well developed, freely sporulating 
colonies. 
 
A linkage map previously developed in this RIL population (Pérez-Vega et al. 2009) was used to 
map the resistance loci to powdery mildew. The linkage map consist of 175 AFLPs, 27 
microsatellites, 30 SCARs, 33 ISSRs, 12 RAPDs, 13 loci codifying for seed proteins, and four 
morphological loci. The map has a total length of 1,042 cM distributed across 11 linkage groups, 
aligned to these of the core linkage map of bean, using common molecular markers as anchor points. 
Chi-square was used to test goodness-of-fit of observed to expected ratios. Linkage analysis of the 
markers and the resistance genes was performed using JoinMap V 3.0 (van Ooijen and Voorrips 
2001). 
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RESULTS AND DISCUSSION 
 
Symptoms of the disease were clearly distinguished on the inoculated plants by the development of 
white and powdery spots on the leaves. Reaction of lines was consistent across the different 
replications. A total of 77 lines showed IT0 (like Cornell 49242), whereas 26 lines showed IT4 (like 
Xana). Segregation for resistance to powdery mildew showed a good fit to the 3:1 expected ratio for 
two independent genes (χ2 = 0.003; p>0.05). Other works have also shown a qualitative inheritance 
of the resistance to powdery mildew, and the implication of at least a dominant gene has been 
suggested (Dundas, 1936; Rezende et al., 1999). 
 
The location of the two resistance genes (designated as PM-1 and PM-2) in the genetic map was 
investigated first by means of contingence chi-square tests of the joint segregations of the powdery 
mildew resistance and other marker loci included in the genetic map. The resistance was 
significantly associated (p<0.05) with two groups of loci: one of them (corresponding to PM-1) 
formed by five linked loci at linkage group B4 (markers SW12, SI19, SBA8, (AC)8YT
424
, and 
(AC)8YC
860
) and the other (corresponding to PM-2) formed by five linked loci at linkage group B11 
(markers SH13, SCAreoli, Pv-ag001, MCAGEAC
73
, and MCTGEAT
187
).  
 
The relative positions of these resistance loci were investigated by means of a linkage analysis in 
two sub-populations: sub-population A, formed by 44 lines without the allele of Cornell 49242 for 
the locus SW12 (probably lacking the resistance gene PM-1, linked to SW12), and sub-population B, 
formed by 54 lines without the allele of Cornell 49242 for the locus SH13 (probably lacking the 
resistance gene PM-2, linked to SH13). In the sub-population A, a segregation of 19 resistant: 22 
susceptible was observed and the resistance (probably due to the PM-2 gene) was linked to the 
SCAR markers SH13 (RF= 0.02; LOD= 8.28) and SCArioli (RF= 0.04; LOD= 7.43). In the sub-
population B, a segregation of 28 resistant: 23 susceptible was observed and the resistance (probably 
due to the PM-1 gene) was linked to the SCAR markers SW12 (RF= 0.04; LOD= 9.13) and SI19 
(RF= 0.07; LOD= 7.24). 
 
The chromosome regions carrying the resistance genes PM-1 and PM-2 at linkage groups B4 and 
B11, respectively, are also involved in the genetic control of the resistance to anthracnose (Kelly and 
Vallejo 2004) and rust (Miklas et al. 2002). 
 
Crosses between recombinant inbred lines will be carried out in order to identify the dominant or 
recessive inheritance of these two loci. 
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